Seventy-two samples from jet aircraft fuel systems were examined for microbial contamination. Ten contaminated samples yielded 43 microorganisms which were classified into nine genera of bacteria and three genera of fungi. The predominant types. comprising about 37% of the isolated cultures, were identified as Bacillus spp. The remaining cultures were distributed among 11 genera, each of which represented 2 to 9% of the total isolates. Four cultures could not be assigned to a genus on the basis of the diagnostic criteria used. Only five isolates, in the genera Pseudomonas and Hormodendrum (Cladosporium), grew abundantly in a mineral salts solution with JP-4 fuel as the sole source of carbon. The presence of fuel utilizers in a fuel system may be a better index to potential problems that have been correlated with microbial contamination than the presence of aerobic sporeforming bacilli.
In recent years, a great deal of attention has been attracted to the widespread occurrence of microorganisms in fuel systems. Fungal growth was extensive in Australian aviation fuel systems (10) , and the rnicroflora of oil fields in Japan included representatives of nine genera (13, 14, 15) . In similar studies (3, 7, 16) Gram-negative bacilli. Nine cultures comprised (UD-6 and -7) were short and motile. They pro-this group. Three (UD-1l, -18, and -19) were duced yellow, water-insoluble pigments on TSA. actively motile and oxidase-positive, and they They were not acid-fast, but they liquefied gelatin produced pyocyanin pigments and slime. They in 48 hr. Catalase was produced and glucose was oxidized gluconate to 2-keto-gluconate, grew well fermented weakly. Tests for cellulose digestion, at 42 C, and liquefied gelatin in 24 hr. These indole production, and nitrate reduction were characteristics were in agreement with criteria negative. Both organisms grew in litmus milk, proposed by others (22, 23) Two other gram-negative rods (UD-39 and -40) grew poorly on TSA and well on SDA at 26 C. They were motile and produced orange, waterinsoluble pigments. They failed to grow in all differential media or gave negative reactions for tests used in this study. Spectrophotometric analysis did not show an absorption band at 590 m,u, which is indicative of bacteriochlorophyll (20) , but their absorption spectra were characteristic of carotenoids. We were unable to assign these cultures to a genus.
Fungi. Six cultures (UD-35, -36, -37, -41, -42, and -43) were included in this group. Two (UD-37 and -41) were identified as Rhodotorula spp. on the basis of cellular morphology, failure to produce aerial mycelia, and the production of red pigments on SDA. Two of the remaining cultures (UD-35 and -36) were identified as Penicillium spp. (Fig. 1) , and two (UD-42 and -43) as Hormodendrum spp. (Fig. 2) . The genus Hormodendrum is very similar to Cladosporium, and the terms are often used synonymously (1) . No attempt was made to speciate the fungi.
Identifications of the 43 isolates are summarized in Table 2 . Nine genera of bacteria and three genera of fungi are included. Bacillus spp. comprised 37% of the isolates. Only 5 of the 43 isolates grew well in a mineral medium with JP-4 fuel as the sole carbon source. Three isolates, identified as Pseudomonas aeruginosa, yielded maximal viable populations of 1.2 x 108 to 1.7 X 10' cells per milliliter after 168 hr of incubation.
The remaining 34 bacterial isolates showed a decrease in viable counts initially, or after the first 24 hr of incubation. Hormodendrum (Cladosporium) isolates developed thick mycelial mats (52 and 67 mg, dry weight, respectively) at the fuel-water interface (8) and Rhodotorula did not grow in this system. The five fuel-utilizing isolates have now been maintained for longer than 2 years, by serial subculture, in the system described, which contains JP-4 jet fuel as the sole source of organic carbon. DIscussIoN
London, Finefrock, and Killian (17) reviewed the problem of microbial contamination in jet fuel systems, and questioned the correlation of microorganisms with malfunctions. However, in view of the production of corrosive compounds by fuel-utilizing microorganisms (5), their abundant growth in fuel-water systems (8) , and their implication in corrosion of integral wing tanks (24), it is conceivable that certain types of organisms in the genera Pseudomonas and Hormodendrum (Cladosporium) may be contributing to problems in fuel systems that appear to be nonbiological. In another study (7) , an ecological succession of bacteria in the water bottoms of fuel storage tanks was proposed.
Representatives of 12 genera of microorganisms comprised the bulk of jet fuel isolates from other laboratories (3, 7, 11, 16) , of which the predominant fuel-utilizing types were in the genera Pseudomonas and Hormodendrum (Cladosporium). All of the fuel-utilizing organisms found in this study were in these genera. However, hydrocarbon-utilizing bacteria isolated from petroleum and natural gas fields in Japan included representatives of Corynebacterium, Flavobacterium, Brevibacterium, Pseudomonas, and Alcaligenes (12) .
Although Bacillus spp. represented over onethird of the organisms isolated in this study, none of them used fuel as a sole carbon source. The isolation of high numbers of aerobic sporeformers may reflect increased survival of bacterial spores in fuel systems. Hedrick et al. (11) 
